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The present Invention i^lates to apparatus for and a method of preventing pipe 
work from becoming blocked. The invention finds particular application in reducing 
clogsing of the inlet of a wet scrubber used in the semiconductor industry. 

Many semlconduetor ptx>oe$s©s use or generate solid, condensable or subliming 
compounds. For example, low-pressure chemical vapour deposition silicon nitride 
(LPCVD nitride) processes tend use ohlocosllan^j^ (such aa dichlorosnaoe or 
triehlorosllane) and ammonia to-produce a unlfomrt layer of silicon nitride to 
insulate the substrate. Tnese proossses tend to produce a very thick film of 
silicon nitride, and consequently require very long deposition cycles, typically 3 to 
8 hours. As a result, a let of powder |s generated as a by-product of this process. 
Such by-products Include complex ammonluiD'^loro-slllcat© sahs, for example, 
ammonium hexachlorxseilrcate. which sublimes at 120 ''C at atmospheric pressure. 

As these materials enter the Inlet of a wet scmbber they cool, and can 
agglomerate and react with water vapour bade streaming from the wet scmbber. 
For BxamplB. ammonium hexachloroslllcale can form a glass HKe deposit lining the 
inlet of the wet scnjbber. If deposit build-up Is allowed to continue unfritemipted, 
n cein completely block the inlet. Incunlng down time and loss of production. For 
Instance, most process tool manufacturers (OEMs) mechanically dean the 
pixscess chamber off-line; which allows the solid deposits to build up unlntemipled. 

It Is an aim of at least the pretenBd embodiment of the present Invention to seek to 
solve these and other problems. 



In a fii^ aspect, the present invention provides apparatus for reducing dogging of 
an inlet pipe to a wet scmbber, the afiparatus compiising a body having an open 
30 end adapted to be detachably connected about an aperture of the inlet pipe, a 
shaft moveable within and relative to the body, a scraping device attached to one 
end of the shaft, means for reciprocally moving the shaft to urge the scraping 
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device Into the inlet pipe to dtelodge particulates deposited within the pipe and to 
vwithdraw the scraping device from the Inlet pipe, and, extending about the body, 
means for Injecting one or mors stream© of heated, compressed gas into the body 
to inhibit particulate deposition therein. 

s 

Thus, the invention can ensure thai the piped interface between the exhaust of the 
process tool and the Inlet to the wet scrubber remains substantially free from 
obstruction. This can increase the availability of ths process tool, reducing 
maintenance and opejafing costs. . . ; 

10 

introducing into the body a hot gas purge at a temperature prefer^ibly In the range 
from 50 to 20Q°C, most preferably In the range from 80 to 120°C, can increase the 
partial pressure of the water vapour back- streaming from the wet scrubber, 
thereby reducing the risk of condensation within the body. This is because any 
15 condensed water vapour would form a cold spot and promote the deposition of 
materials within the body. 

In principle, any compressed gas may be used. Two commonly available gases 
are clean dry air (CDA) and nitrogen. Nitrogen is prsfeiTed because rt will not 
lO rsact with the ohemioai species ^Icaifer present in tiie inlet pipe, unlike the 
oxygen present In CDA; oxygen will react with silicon hydrides to form solid 
deposits, for example silane, di-chiopo-silane and tri-chioro-silane. 

Preferably, the Injecting means comprisee a plurality of orifices spaced around tiie 
1 Inner surfkee of the body for directing the gas against tiw shaft. By injecting the 
purge gas cfrcumferentially around the body, the risk of fbmiing ^Idy cunents can 
D© minimissd; such edety ourrenfe can-prcanotasoiid fortnstfen. FurSnermore, ffia 
o^^nTSUit^cs-jtthi rstr^-ir:? i-i-riiiiis di^'siz-s can ''••=- nnd '-».-5- — r- 
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within the range from 80 to ISO'^C. This can also assist in preventing a "eol<f 
finger from entering the body and accelerating the rate of deposition. 

The mechanical scraper may be. In principle, any meehanipal device that touches 
the walls of the pipe as It Is moved therein. However, If the $craper was rigid, 
tough deposits could defonn the scraper and damage the shaft. Therefore, a 
preferred embodiment is a helical coil, due to its iraiate flexibility and multiple 
suri&ces for removing tough depbsilB. The ooll may take any convenient iomx, 
although the greater the number of colls passing any one seQtlon,.the higher the. 
lemoval efficiency. For Instance, the prefened embodiment uses a helical coil 
with a pitch of around 18mm. and a length of overl 1 0 mm. The scraping device 
is pi^eiably fonned from a chemloally Inert and mechanically stable solid material, 
such as stalnleas steei. 

IS Preferably, the moving means comprises a pneumatic cylinder attached to the 
other end of the body. A variety of pneumatic cylinders are commercially - : 
available (tor example, single or dual acting^ with or without spring return, with 
fixed or rotating shaft), all of which could be used. A preferred embodiment Uses 
a double aoKng, rotating shaft, magnetic piston, wHh cushioned end stops. 

20 Benefits of the double aotlng actuator without a spring return are that it can be 
driven into the i^bachsd position and can easily overeomelhe forces exerted on 
the acraper by the Incoming process gases, there Is no loss of force during 
extension or retraction, and the rotating shaft enables the helical coil to cut through 
very harel deposits. 



25 



30 



The magnetic piston enables position Indioalors. such as reed switches, to valldatte 
the cylinder's position (extended or retracted), and feed this information bade to 
the control system to ensure that the apparatus Is perfomilng optimally. 

Providing pneumatically cushioned end stops can prevent damage to the ends of 
the actuator shaft TTie actuator shaft should have sufficient mechanleal strength 
to prevent bowing or other mechanical damage. In the preferred embodiment, a 
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eoHd 12mrn diameter stainless steel shaft Is used, although in principle the shaft 
may be fornied from any convenient size or material. 

. In the preferred embodiment, the actuator stroke fs sufficient to clean the end of 
5 the Inlet without the end of the scraper becoming wetted by scrubber liquid, and to 
ftjily retract the scraping device from the gas stream passing through the Inlet pipe. 
Thus, the scraping device Is preferably at least partially, most preferably 
substantially contained within the body when the shaft is in a luliy retracted 
. position. I^thescraperwereieftinthe^agstreamftcouldaatas.acatalysftopipe 
10 blockage. For example,strokesof 120 and 250mm are used In different 
embodiments of the Invention. 

Pneumatic pressure selection is another important factor. The actuator should 
supply sufficient force to remove hard and stubborn deposits without damaging 
15 , other delicate components. Theoretically any posltiv© pressure is acceptable, for 
example 0 - 1 0 bar gauge, although in practbs 2 - 4 bar gauge has been found to 
be sufliclent. 



20 



2S 



During normal operation, solid material can build up on the actuator shaft as the 
scraper Is moved L-^tc the (cooler) inlet pipe. Tne apparatus therefore preferably 
comprises means for preventing partfoulatss deposited on the shaft from being 
drawn Into the moving means as the shaft Is withdrawn from the Inlet pipe. For 
example, the apparatus may comprise scraping means, such as an annular seal 
through which the shaft passes, for scraping particulates from the shaft during 
movement thereof. Withotit an addlfionai scraper seal these deposits could be 
dragged back through at^'jcior nos5 in ptinx^ls any seal material could be 

ufe^- io 6h(b we have tound PSEK^-s fpaly-aSher-sther-l'^e) ta be ths most 
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an aperture of the inlet pipe an attaohmsnt comprising a body, a shaft movBable 
within and relative to the body, and a scraping de\rfce attached to one end of the 
shaft; reciprocally moving the shaft to urge the scraping device Into the fntet pipe 
to dislodge particuFates deposited within the pipe and to wfthdraw the scraping 
5 device from the infet pipe; and injecting one or more streams of heated, 
connpressed gas Into the body to rnhibit particulate deposition therein. 

Prefen-ed features of the present Invention will now be described with reference to 
. .the accompanying dr£»wlng. which Hlustrates a cross-section thrc^ugh,^^ . 
10,. of an apparatus for r:eduoIngctoggirig-pf an Intet. pipe to a wet sonjbber, . . r 

As illustrated In the drawing, the apparatus is in the form of an attachment 10 to a 
flanged end 12 of a pipe Inlet 1 4 to a wet scrubber. The attachment 1 0 comprises 
a sleeve 1 6 having a flanged open end 1 8 detachably oonnectable by any suitable 
15 means, ^uch as bolts or the like, to the flanged end 1 2 of the pipe 1 4. The wet 
ecrabber inlet 17 is formed from plastics material which has higher thermal stability 
in the range from 80 to 2S0''C, most preferably In the range from 120 to 170°G. 
Suitable materials include, but are not limited to, polypropylene^ 

polytetrafluorethylene, polysulphone, polyetheraulphone, poJyetherimide and 
20 polyvinyl difluorlde. A heater 20 extends about th& outside of the sfeev© 1 6 to 

mairtteJn the t^perature within the sleeve 1 6, in use, within the range from 50 to 

200*C» preferably within the range from 80 to 1 S0*O. 

A Swagelock*™ capped f ilUftg 22 is provided at the other end of the sleeve 1 6. A 
25 hot. compressed purge gas, such as nitrogen or clean dry air, fs InJeotBd at a rate 
of 2 to 10 sipm from a soun?e thereof (not eiiown) Into the fitting 22 through nozzle 
24. The gas is Injected at a temperature In the range of 50 to 2O0''C, preferably in 
the rang© from 80 to 120'*C* 

30 Creating a hot, dry Inert environment withrn the sleeve can minimise the likelihood 
of particulate depo^ion within the efeeve. Gas Injection also Increases the partial 
pressure of any vrater vapour back-streaming from the wet scrubber, thereby 
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reducing the risk of condensation within the sleeve and also preventing deposition 
of particulates wilhin the sleeve. 

The nozzle 24 is in fluid communication with an annufar channel 26 within the 
5 fitting 22, the channel 26, fn use, supplying gas to a number of orifices formed on 
the inside of the fitting 22 for direcsting gas into the sleeve 1 6. In the preferred 
embodiment, the fitting 22 has fou r orifloes 28 spaced circumferenf iaily about the 
Inside of the fitting 22, afthough any suitable number (that Is, one or more) of 
orifTpes.may be provided as required.. . 

10. - . 

The fitting 22 includes a central bone 30 through which passes a moveable, 
stainless steel actuator shaft 32, the orifices 28 being arranged to direct the 
injected hot, compressed purge gas on to the surface of the shaft 32. An annular 
PEEK™ scaper seal 33 Is provided within the bore 30 to scrape particulates from 
15 the surface of the ^moving) actuator shaft 32. Attached to the free end 34 of the 
shaft 32, that Is, the end normally located within the ^eeve 16, is a scraper 36 in 
the fonn of a stainless steel helical coll. A pneumatic cylinder 40 is provided for 
moving the actuator shaft 32 relative to the sleeve 1 6. Reed switches 42 vaiidafe 
the cylinder's position, and feed this information faaclcto a control system (not 

20 ShOvvii}; ■ • ■ • .... 

In use, the controf system ojserates the pneumatic cyKnder40 to reolprooally move 
the shaft 32 to urge the coif 36 Into the Inlet pipe 14 to dlsfodge particufatss 
deposited within the inlet pipe 14 and to withdraw the coil from the inlst pipe 14 
25 back into the sleeve 1 s, away from process gases, indicated at 44, flowing from a 
process tool into ihe inlet pips 14. The allaehment can be opersted either at a 
regular "pre-pragrsmmed" tfimer (renging from every 30 seconds a ^ekfy 
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This can be eliminated If the mechanical cOean only happens when the process 
tool is idle. 

Pneumatic valves may control the actuator operation. Multiple configurations are 
5 available. The apparatus can use either one off, fh/e two or two off, three two 
valves. 

In summaiy, an attaohment tor an Inlet pipe to a wet scrubber or other at>atement 
devlcs comprises a sleeve having an open end adapted to be detaohably „ . , 

10 . -cpnri^ed.to_a flmged end of the Inlet pipe. A. shaft is moveabte.withip .the . .. 
slTOve. and a scraper is aflaohed to one end of the shaft. A pneumatic cylinder 
attached to the other end of the sleeve leolproeally moves the shaft to urge the 
scraper through the open end of the sleeve Into the inlet pipe to dislodge 
partloulatss deposited within the pipe and to withdraw the scraper from the Inlet 

J5 pipe.v. One or more streams of healed gas suoh as nitrogen or dry air are injeoled 
into the sleeve to prevent scmbbrng liquid from condensing witfiin the sleeve and 
thus prevent particulates from being deposited therein. • ' 

Although the invention has been described with reference to Its use In cleaning an 
20 Interior surface of a pipe inlet to a wbI scrubber, it can be used to clean any 
suitable surface in an abatement device or other system which Is prone to 
particulates being undesirably deposited by a process gas. 

Irt addition to semiconductor processing sysnems, the device can be used as part 
25 of other types of chemical processing systems In which there are surfaces prone 
to chemical particulates being deposited by a process gas. 

In connection with the wet scrubber inlet 17, eemleonduclor metal etch processes 
can produce aluminium chloride as a byproduct. Aluminium chloride itself reacts 
30 very rapwdly with water to produce a solid by-product (aluminium oxlde(s)) and an 
acid gas (hydrogen chloride). Controlling the interface between wet and diy is 
critical to prevent solid build-up and liquid acids. The oonoentmted acidic 
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somons, m time, wHI corrode any metal pipe work Insulting in foss of producUon 
and an Increase in overheads. Again, a hot gas purse wilJ prevent the water 
vapour condensing and ilquid pools from forming. 

Poiyvinyl chloride (PVC) has been the material of choice for wet sombber fnlete, 
fcecause of its chemical, machining and welding propertfee, Unfortunatsiy, PVC 
mechanical stnsngth seriously deteriorates above 60 "HS. With the introduction of 
heatem to raise the gas temperature above 60 "X?, manufeclures have had to add 
•oooling circuits to reduce the Met temperature. This inoieas^the machining and 
operating costs, in a single fault condition, lo$$ of cooling will thermal(y stress and 
damage the inlet This can resuft in the machine being forced to shut down which 
in turn increases the operating coat of the unit 



Using plastics with higher themial stability (meWng pohts), typioa/ly in the range 
IS from 80 io 25C«C, preferably In the range from 120 to 170-C, removes the need for 
this cooling channel and enables the Inlet to ftjncBon at significantly higher 
temperatures, reducing the rate of deposition and increasing the time between 
maintenances. For example, the body nrray be fbinisd from one of polypropylene, 
• polytetrafluorethylene, poiysulphone, polyethersulphone. polyetherimids and 
20 polyvinyl dlfiuortde. 



I 
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CLAIMS 

1 • Apparatus for reduoing dogging of an m\et pipe to a wet scrubber* 

s the apparatus comprising a body having an open end adapted to be 

detachably connectecf to an apdrture of tins inlet pipe, a shaft 
moveable Mhtn and refafivs to the body, a scraping devfce attached 
to one end of the shaft, means for leciprocally mo^ng the ^aft to 
urge the scraping device into the irtiet pipe to disiodge .particulates 
-10 - deported wifliln the pipe and to wfthdiftwtiie scraping devfce from 

the inlet pipe, and, extending about the body, means for injecting one 
or more s^ams of heated, compressed gas Into the body to inhibit 
paitiouiate depo^tlon therein. 

15 2. Apparatus according to Claim 1 , v»*ierein the injecting means 

comprises a plurality of orifices spaced around the Inner surface of 
the body. 

3. Apparatus according to Claim 2, wherein the orifices are ananged to 

20 direct the gas against shaft. 

4w /^paratus according to any preceding daim, comprising means for 

heating the gas to a temperature within the range from 50 to 200°C, 
prefenabJy within the range from 80 to 150*0. 

25 

5- Appanaius according to any preceding claim, wherein said gas 

comprises diy air or nitrogen. 

fi- Apparatus according to any preceding daim, comprising healing 

30 means extending ^out the body for maintaining the temperature 

thereat vrftfiin the range from 50 to 200*0, prsfsrably w'thin the range 
from80to150°C. 
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Apparatus acconding to any preceding dalm, vrtierein the scraping 
device has an open oonstmctfon. 

Apparatus according to any pneoedirtg claim, vrfierefn the scraping 
cfevloe comprfees a helical eoJL 



Apparatus according to any preceding claim, wherein the scraping 
device fs formed from.a chemfcafly Inert and meohanlcaJly stable 
^^<^ material, such as slainless steef. 



Appaittlue according to any preceding claim, wherein the moving 
means wmprfses a pneumatic cylinder attached to the other end of 
the body. 

Appamtue according to any preceding claim, wherein the moving 
means Is arranged to mtate the ehaft to thereby rotate the scraping 
device within the Inlet pipe. 

Apparatus according to any preceding claim, wherefri. when fully 
withdrawn frcm the Inlet pipe, the scraping device ie substantially 
contained withfn the body so as not to be exposed to gases wHhin 
the inlet pipe. 

Apparatus according to any pnsceding claim, corriprising means for 
preventing pariicuiat^ nom being drawn Into the mo\1ng means as 
the dnaft la isfflhdraiii/n from JSiiS jnle* pips. 
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15. • Apparatus aooording to Claim 14, wherein the scraping means 

eompilees an annular sea! through which the rod passes. 

16. A method of reducing clogging of an inlet pipe to a wet scnjbt>er, the 
method eomprlains detaohably connecting to an aperture of the Inlet 
pipe an attachment comprising a body, a shaft moveable within and 
relative to the body, and a ecmping device attached to on© end of the 
shaft; reciprocally moving the shaft to urge the scraping device Into 

. . . . the Inlet pipe to dislodge particulates deposited within the pipe and to 
i. wilhdraw the scraping device from the inlat pipe; and injecting one or 

more streams of heated, compressed gas into the body to inhibrt 
particulate deposition ihereln. 



15 



• 20 



25 
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ABSTRACT 

An attachment for an inlet pfpe io a wet scrubber or other abatement device 
comprises a sleeve having an open end adapted to be detachably oonneoted to a 
flanged end of the fnlel pipe. A shaft is moveable withrn the sleeve, and a scraper 
fs attached to one end of the shaft. A pneumatic cylinder attached to the other 
end of the sleeve reciprocally moves the shaft to urge the aoraper through the 
open end of the sleeve into the inlet pipe to dislodge particulates deposited within 
the pipe and to withdraw the scraper from the inlet pfpe. : Qne or more^iBam^of 
heated gas such as nitrogen or dry air are Ir^ected Into the sleeve to prevent 
^mbbrng liquid from condensing within the sleeve and thus inhibit particulate 
deposition tiierein. 
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